We formulate and analyze a predator-prey model followed by Leslie-Gower model in which the prey population is infected by disease. We assume that the disease can only spread over prey population. As a result prey population has been classified into two categories, namely susceptible prey, infected prey where as the predator population remains free from infection. To investigate the behaviour of prey population we incorporate prey refuge in this model. Since the prey refuge decreases the predation rate then it has an important effect in our predator-prey interaction model. We have discussed the existence of various equilibrium points and local stability analysis at those equilibrium points. We investigate the Hopf-bifurcation analysis about the interior equilibrium point by taking the rate of infection parameter and the prey refuge parameter as bifurcation parameters. The numerical analysis is carried out to support the analytical results and to discuss some interesting results that our model exhibits.
Introduction
In theoretical ecology the dynamical relationship between prey and predator is one of the important themes from the point of view of its existence. Also mathematical modelling is essential to understand the dynamical behaviour of such system. Anderson and May [1] , Hadeler and Freedman [2] analyzed eco-epidemic models where predator population is infected through eating prey. The mathematical models, like [3, 4, 5, 6, 7] on prey-predator system have been studied by the researchers, out of which the interesting dynamics of Holling Tanner model [7] plays an important role in the theoretical ecology. Leslie [8, 9] introduced prey-predator model in which the carrying capacity of the predators environment is proportional to the number of prey. Incorporating the system controls the size of the populations. Venturino [17, 18] , Haque and Venturino [19] , Haque et al. [20, 21, 22] , Xiao and Chen [23, 24] , Tewa [25] , Hethcote [26] , Rahman [27] , Chattopadhyay et.all [28, 29, 30] discussed the dynamics of preypredator system with disease in prey population.
In this paper, we have considered a modified Leslie-Gower and Holling type-II predator-prey model. In this model we include the infectious disease in prey population as well as prey refuge term. Incorporation of infected prey refuge leaves a factor of the infected prey species which are accessible to the predator. This model becomes more realistic than the existing models in ecological as well as epidemiological point of view after incorporation of such effect. The basic assumptions and model formulation is discussed in Section 2 . In Section 3 , we have discussed the boundedness of the solutions in the positive region. Section 4 deals with the equilibrium points, their existence and stability analysis. Also the influence of infected prey refuge on each population and Hopf -bifurcation analysis at interior equilibrium point is analyzed. All our important findings are numerically verified in Section5. Finally, Section 6 contains the discussion and biological implications of our mathematical findings.
The Basic Assumptions and Model Formulation
After the brief introduction we formulate the mathematical model which is based on the following assumptions:
(1) At any time ( 0) t > the total prey population is denoted by n and the total predator population is denoted by z.
(2) In the presence of disease total prey population n is divided into susceptible prey x and infected prey y , so that the total prey population is n x y = + . On the basis of the above assumptions we the following mathematical model:
(1 ) (1 )
(1 )
 where a is the growth rate of predator, 3 c is the maximum value of per-capita reduction rate of the predator, 1 2 k k , are the half saturation constants for prey and predator population respectively and d is the death rate of infected prey. The system (1) has to be analyzed with the following initial conditions, 
Qualitative Analysis of the System
 The infected prey free equilibrium point 
(
Stability Analysis
The stability of the system (1) at each equilibria is obtained by using Routh-Hurwitz stability criterion.
For this we have to compute the variational matrix
, , of the system (1) and check the stability at each equilibrium. 
[ 
Therefore, the positive interior equilibrium point
is locally asymptotically stable if
Influence of infected prey refuge
In this part, we shall analyze the influence of infected prey refuge (i.e., the effect of refuge parameter m ) on each population densities when the interior equilibrium point
of system (1) exists and is stable.
We assume that the following system of equations for the system (1) without infected prey refuge. 
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If this equation has three roots, say 
into (4) and calculating the derivative, we have
where
We have 
Numerical Simulations
In this section, our study focused on the occurrence and termination of the disease. We begin with a parameter set (see Table1) , . , .
is locally asymptotically stable in the form of a stable focus with eigenvalues 0 03106 2 5349 0 3365 i − .
± . , − .
(cf.Fig1). Keeping the other parameter fixed and increasing the value of the parameters 0 95 m = . , we observe that the solution of (1) changes from stable behavior to oscillatory behavior (cf .Fig 2) . Also, keeping the other parameter fixed and increasing the value of the parameters 0 12 α = . , we observe that the solution of (1) changes from stable behavior to oscillatory behavior (cf. Fig 3) .
Next to observe the effects of some parameters on system (1), we first consider 3 0 005 c = .
and observe that the prey population goes to extinction (cf. Fig 4) . Next, we consider 0 012 α = .
and Table 1 observe that the infected prey population goes to extinction (cf. Fig 5) . Finally, for a clear understanding of the dynamical changes of system (1) due to change the value of the parameter m , from 0 9
. to 1 a bifurcation diagram is plotted as shown in the bifurcation diagram (cf. Fig 6) . Also, for a clear understanding of the dynamical changes of system (1) due to change the value of the parameter α , from 0 1 . to 0 12 .
a bifurcation diagram is plotted as shown in the bifurcation diagram (cf. Fig 7) . 
Discussion
In this study we have considered an eco-epidemiological predator-prey mathematical model in which only prey population is infected by disease. As a result the Prey population is divided into two susceptible prey and infected prey. Our model like a modified Leslie-Gower Holling type-II predator-prey model which includes prey refuge as well as infected prey. This model gives us six equilibria, namely one trivial equilibrium 0 E , two axial equilibria 1 2
E E ,
, two planer equilibria 3 4 E E , and one interior equilibrium E * . We and the other recent works as in [19, 32] is the incorporation of infected prey refuge leaves a factor of infected prey which are accessible to the predator. Under this additional effect makes the system analyze in this paper more realistic and dynamics than the existing model. There is a great influence of this infected prey refuge on each population has been observed. Both the susceptible prey density and the predator density can be decreased for increasing the amount of infected prey refuge. Whenever the infected prey density is increased, then the interior equilibrium E * of the system (1) becomes stable. Here the prey refuge parameter ( ) m is an important parameter which acts as stability switch of the system. The stability switching and a Hopf-bifurcation may occur at the interior equilibrium taking prey refuge parameter ( ) m and rate of infection parameter ( ) α are bifurcation parameters. We validate all theanalytical results numerically by using Matlab. Finally, it has been observed that our predator-prey mathematical model with infected prey refuge exhibits very interesting dynamics on the basis of the our assumption. 
